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oronavirus disease 2019 (COVID-19) is a rapidly evolving

pandemic caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2). In addition to minimizing risk
of transmission by nonpharmacologic measures, 1 or more effec-
tive vaccines would be invaluable to reduce the burden of COVID-
19. More than 140 candidate SARS-CoV-2 vaccines are in develop-
ment and being assessed in preclinical studies and clinical trials.
In general, for a vaccine to be approved or licensed by regulatory
authorities, it must demonstrate both safety and high efficacy in
the prevention of a specific disease in the relevant populations.
However, the COVID-19 pandemic poses specific logistic and sci-
entific challenges with respect to the assessment of SARS-CoV-2
vaccine candidates. Evaluation of the efficacy of SARS-CoV-2 vac-
cines must consider population risk of exposure, susceptibility to
the virus, current social distancing practices and geography.
Moreover, SARS-CoV-2 vaccines need to be evaluated in popula-
tions at greatest risk for severe COVID-19.2* We discuss challenges
to the clinical evaluation of SARS-CoV-2 vaccines, as well as some
potential solutions.

How are vaccines usually evaluated before
licensure?

Vaccines considered for licensure are assessed initially for their
safety profile and their ability to induce immune responses to
vaccine antigens in small phase 1 studies. Candidate vaccines
that are safe and immunogenic may then advance to phase 2
studies, in which safety, immunogenicity and sometimes prelimi-
nary efficacy are assessed in larger cohorts. Vaccine efficacy is
primarily evaluated in phase 3 studies to determine the propor-
tionate reduction in predefined infection rate or disease events
among vaccinated participants. Vaccine efficacy represents the
best-case scenario of protection derived from vaccination and
needs to be demonstrated for a vaccine against a novel patho-
gen to be licensed by regulatory authorities.?* Ideally, evaluation
of efficacy is undertaken in well-controlled studies (e.g., double-
blind, randomized, controlled clinical trials). Successful vaccines
that have been shown to have high efficacy in clinical trials and
are licensed for use in a population are continually assessed for
their safety and effectiveness postlicensure and postimplemen-
tation (in phase 4 studies that evaluate how a vaccine reduces
disease in a population in “real world” conditions).

KEY POINTS

® Challenges to the evaluation of candidate vaccines for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) before
approval or licensure during the ongoing pandemic include
rapidly changing levels of exposure to the virus and population
immunity and social distancing practices.

® To measure vaccine efficacy accurately, researchers should
account for these factors in sample size calculations and
carefully consider selection of trial end points.

® Vaccines for SARS-CoV-2 must also be evaluated in populations
known to be at increased risk for severe coronavirus disease
2019, such as older adults, Black people and people with
multiple comorbidities.

® Given the speed of vaccine development for SARS-CoV-2, careful
attention must be paid to postlicensure assessment of vaccines,
including the risk of antibody-dependent enhancement of
disease, which must be actively monitored closely over multiple
years after vaccination.

What factors may affect the evaluation of
candidate vaccines for SARS-CoV-2?

In general, host-related (e.g., age, genetic and environmental
exposures) and vaccine-related (e.g., antigen selection, adju-
vants, formulation, delivery mode and waning of immunity over
time) factors influence individuals’ immune response to vaccines
and thus determine the vaccines’ efficacy. However, several
other factors, some of which may be difficult to quantify, such as
the level of transmission of the target pathogen (i.e., exposure)
and the level of pre-existing immunity (i.e., susceptibility) in the
population are also important to consider. Such factors are
related and are different when a pathogen is endemic (i.e., con-
stantly and usually present within a given geographic area or
population) versus pandemic (i.e., emerging and spreading
worldwide), as with SARS-CoV-2. The baseline level of exposure
of a population to a specific pathogen, the pathogen’s seasonal-
ity and the level of population immunity are usually relatively
predictable in endemic compared with pandemic states of infec-
tion. Table 1 summarizes the potential confounders unique to
the COVID-19 pandemic that might affect the demonstration of
efficacy of candidate vaccines for SARS-CoV-2.
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Table 1: Population-related factors affecting evaluation of vaccine efficacy in endemic versus pandemic states of infection

and those unique to coronavirus disease 2019

Factors affecting demonstration =~ Endemic state Pandemic state of
of vaccine efficacy of infection infection
Baseline transmission of target Known Rapidly changing;
pathogen in population (i.e., seasonality unknown
exposure) and its seasonality

Population level of pre-existing Known Rapidly changing
immunity to target pathogen (i.e.,

susceptibility)

Differential susceptibility of Known Emerging

subpopulations to infection or
disease

Note: COVID-19 = coronavirus disease 2019.

Level of exposure and immunity to SARS-CoV-2

The dynamic and rapidly changing pattern of virus exposure and
level of population immunity during the evolving pandemic are
potentially important confounders in the assessment of efficacy
of SARS-CoV-2 vaccines; this should be considered in sample size
calculations for efficacy trials. For example, if a vaccine is trialled
in a low-incidence population, or if immunity wanes substan-
tially over time postvaccination, a highly efficacious vaccine
might not show significant protection if the trial sample is too
small to demonstrate a significant reduction in occurrence of dis-
ease in vaccinated participants in such conditions. Thus, careful
attention must be paid to trial sample size calculations, and
there may be a need to recruit more participants in areas where
the disease prevalence is very low. Moreover, levels of transmis-
sion of SARS-CoV-2 might vary between or within countries and
will change over time as the pandemic progresses, which must
be considered when trialling the same vaccine in different geo-
graphic areas.

Population seropositivity, or baseline level of immunity,
might affect vaccine immunogenicity or population susceptibility
to the target pathogen, which would influence the outcome of a
vaccine trial. For example, a highly efficacious vaccine may not
show benefit in settings with high seroprevalence, as vaccination
may not add substantially to the protection afforded by natural
infection. Although this may not be a problem very early in the
pandemic while population seropositivity is still low,* high base-
line immunity could confound the results of vaccine trials as the
pandemic progresses and seroprevalence increases, depending
on the population. For example, the prevalence of anti-SARS-
CoV-2 antibodies increased (from 3.1% to 6.1% to 9.7%) during

COVID-19 unique factors

Social distancing and other
public health interventions

Paucity of seroepidemiologic
data; accuracy of serologic
tests; unclear extent and
duration of protection from
natural immunity

Numerous risk factors
identified, but older adults at
highest risk of severe disease;
young children rarely have
complications and may be
less susceptible to infection;

Strategies

Flexible trial designs to ensure
adequate numbers of end points
(infections or hospital
admissions); determination of
potential confounding by
nonvaccine prevention measures

Baseline serologic testing of
participants in efficacy trials

Evaluation of vaccine efficacy
and end points in older adults
and other high-risk groups;
close monitoring and
prolonged follow-up for
possible antibody-dependent

antibody-dependent enhancement in all trials

enhancement

3 subsequent weeks in April 2020 in a population-based sample
in Geneva, Switzerland.> Measurement of pre-existing immunity
in efficacy trials is important, as is the inclusion, vaccination and
evaluation of seropositive participants.

Social distancing and other public health interventions

Social distancing has been shown to be effective in mitigating
the transmission of SARS-CoV-2.5" In settings where transmission
is low because of social distancing measures, the benefit of a
highly efficacious vaccine might not be readily demonstrable.
Study sample size calculations should account for this. Further-
more, public health interventions will likely vary as the pandemic
progresses, which will challenge the ongoing assessment of vac-
cines. Flexibility in trial design may be necessary to achieve a suf-
ficient number of end points to determine efficacy, depending on
fluctuating transmission rates in different locations.

What potential vaccine-related harms may be
anticipated?

Although the goal of a vaccine is to reduce the burden of COVID-
19, SARS-CoV-2 vaccines may theoretically lead to antibody-
dependent enhancement.® This phenomenon, which has been
described with SARS-CoV and other coronavirus vaccines in ani-
mal models,® results from low-titre or poorly neutralizing anti-
body after vaccination that facilitates viral entry or replication in
target cells, causing more severe disease from infection in vac-
cinated individuals. As shown with the CYD-TDV vaccine for den-
gue, vaccine-induced antibody-dependent enhancement can
have enormous negative effects, not only directly among
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vaccinated individuals, but also on public trust and uptake of
other vaccines.!®!! Antibody-dependent enhancement may be
observed only after vaccination with specific SARS-CoV-2 vaccine
adjuvants, platforms or products — not all. Importantly, vaccine-
related antibody-dependent enhancement may become evident
only when enough people have been vaccinated and there is
high circulation of the virus to show a large burden of COVID-19
among the vaccine population, or it may accompany waning of a
vaccine immune response in subsequent years or be related to
genotypic changes in the virus over time.!? We suggest that the
risk of antibody-dependent enhancement be actively monitored
closely over multiple years to account for waning antibody titres
or variation in circulating viral strains (Table 1).

Why is careful consideration of study
population and trial end points important?

Vaccines for SARS-CoV-2, like other vaccines, are being first studied
in populations of healthy adult volunteers. However, COVID-19
has been shown to affect older adults, Black people and people
with multiple comorbidities most severely.’*!* Thus, results from
low-risk populations may not reflect benefits or risks in higher-
risk populations. It is also possible that a vaccine may not pro-
vide sterilizing immunity (defined as immune status after vac-
cination that prevents virus infection of the host). This means
that vaccinated individuals may still get the mild form of the dis-
ease. Thus, it is possible that vaccination will have a substantially
greater impact on preventing severe disease than on preventing
milder symptoms or acquisition of infection. These issues should
be considered when choosing the clinical end points for trials
assessing SARS-CoV-2 vaccine efficacy. For example, if the aim is
to show that a vaccine is effective in reducing the severe forms
and outcomes of COVID-19, end points such as hospital admis-
sion, intensive care unit admission, the need for respiratory sup-
port and death could be considered as primary outcomes,
although lower rates of more severe events, depending on over-
all disease incidence rates, may require more trial participants.

It is also important that vaccines be tested in the populations
at greatest risk for severe COVID-19, such as older adults, health
care workers, Black people and those with predisposing health
problems.’ This is critical as it will inform policy-makers about
the populations that will benefit the most from vaccination and
thus need to be prioritized for vaccination when a vaccine is
available but the demand outweighs the supply.

What are some other challenges to the
development of SARS-CoV-2 vaccines?

Regulatory challenges

Development of vaccines for human use usually takes at least
10-15 years, from preclinical development to licensure. How-
ever, owing to the urgent need for SARS-CoV-2 vaccines, the
timeline for their development and approval will need to be
shortened substantially, ideally to months rather than years. This
may impose a substantial burden on regulatory agencies to pro-
cess all the usual work in a greatly reduced time frame.

Safety challenges

New technologies for vaccine delivery have been developed dur-
ing the past decade (e.g., DNA or RNA vaccines); these technol-
ogies feature among the SARS-CoV-2 vaccines that have most
rapidly progressed to clinical trials, despite their not having been
used for any licensed vaccine to date.’® The safety of the SARS-
CoV-2 candidate vaccines based on these new technologies must
be assessed especially carefully. This will require continuous
assessment for both common and rare potential adverse effects
in a large number of vaccine recipients, during clinical trials as
well as during active postmarketing surveillance.

What are some particular organizational
challenges and opportunities of SARS-CoV-2
vaccine trials?

Logistics of multiple vaccines in trials

Studying multiple vaccines at the same time in the same popula-
tion may be a challenge if there is limited trial capacity. This might
be overcome by using an adaptive study design allowing addition
or removal of vaccines as data on safety, immunogenicity and effi-
cacy accumulate. This approach is currently being employed in
clinical trials assessing different pharmacologic treatments for
COVID-19 (e.g., the Solidarity Trial, launched by the World Health
Association and partners®). Additionally, infrastructure is being
developed to enable sites with experience of nonvaccine drug
trials to be used, and for new trial sites to be rapidly set up, includ-
ing appropriate focused training for research staff.

National and international collaborations

Establishing national and international consortia for SARS-CoV-2
vaccine trials will increase cooperation within and between
countries’ vaccine groups. For example, the Canadian Immuniza-
tion Research Network is a national collaborative network of vac-
cine researchers who conduct collaborative research related to
different aspects of vaccinology. To ensure equity in evaluating
vaccines, individual study sites should be representative of the
entire population in a specific country, and evaluation of vac-
cines should be performed in high- as well as low- and middle-
income countries. As demand for efficacious vaccines will be
high, setting parameters for equitable postlicensure distribution
of vaccines across countries is also critical.

How should postlicensure assessment of
vaccines be conducted?

Postlicensure assessment of the effectiveness of a vaccine that is
being administered in the population is mainly done by retro-
spective case-control analysis, or ecologic or observational
studies. Analyses of these studies should include populations
with varying risk of exposure, pre-existing immunity (if known),
geography and baseline characteristics (e.g., age and comorbid-
ities). Time since vaccination can also be captured in these
studies to assess the effectiveness of vaccination with SARS-
CoV-2 vaccines over time after vaccination. This will help to
determine whether there is waning immunity after vaccination.
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Conclusion

We have discussed the unique challenges in evaluating SARS-CoV-2
vaccines during the ongoing pandemic. These arise from rapidly
changing levels of virus exposure, the development of population
immunity and the effects of local social distancing practices, as well
as the speed with which vaccine candidates are being developed
and tested, safety considerations of untested technologies, and the
need to consider which end points matter, who is most affected and
issues of equity in access to approved vaccines. In addition, as effi-
cacy might be challenging to demonstrate in some populations,
researchers should aim to fully dissect the protective immune
response (humoral and cellular immunity) to natural infection and
after vaccination, as establishing correlates of protection would also
inform vaccine development and evaluation.
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